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Abstract.
Background Testosterone replacement therapy (TRT) improves health in some but not all men with type 2 diabetes (T2DM) and adult onset testosterone deficiency (TD). Such heterogeneity is compatible with the concept of patient subgroups that respond differently to therapy.
Objectives Use baseline SHBG and age to identify putative subgroups that demonstrate different responses in variables such as waist circumference and HbA1c following TRT. 
Materials and Methods A randomised double-blind trial approach was used to recruit and randomise men with T2DM and adult onset TD into placebo and TRT treated groups. Multiple regression was used to study differences between groups.
[bookmark: _Hlk25227236]Results Baseline SHBG and change in SHBG (∆SHBG) were inversely related in the TRT group. Both median values of SHBG and age mediated the effect of TRT on ∆SHBG depending on whether baseline values were ≤ or >median (28.1nmol/l, 63 years respectively). In men with both SHBG≤28.1 nmol/l and age≤63 years (subgroup 1), TRT was positively associated with ∆SHBG (c = 4.67, 95%CI 1.17 - 8.16, p=0.010) while in those with SHBG>28.1 nmol/l and age>63.1 years (subgroup 4) the association was inverse (c = -7.07, 95%CI -11.64 - -2.49, p=0.003). The association between TRT and change (∆) in waist circumference, HbA1c and International Index of Erectile Function (IIEF) score differed between subgroups; in subgroup 4 but not subgroup 1, the therapy was significantly, associated with ∆waist circumference, ∆HbA1c and ∆IIEF.
Discussion Though the mechanism remains unclear, our finding of different responses to TRT in terms of change in waist circumference, HbA1c and IIEF score supports the concept of subgroups in men with T2DM and adult onset TD. 
Conclusion Our approach may provide a basis for identifying men who will or will not derive benefit from TRT though a larger study is required.
.



Introduction
Sex hormone binding globulin (SHBG) functions as a transporter for testosterone and via high-affinity binding, a determinant of the level of the steroid in free solution1,2. The importance of SHBG is indicated by studies showing its levels are associated with markers of androgen deficiency, type 2 diabetes (T2DM) risk and all-cause mortality3-7. Thus, gaining a better understanding of SHBG’s role in determining the consequences of altered levels of testosterone should improve management of adult onset testosterone deficiency (TD) a common condition in men with T2DM (reported prevalence 40-70%)8-11. Adult onset TD is characterised by low testosterone levels, increased mortality and phenotypes that may include decreased bone density, muscle strength, cognitive function, sexual function and increased fat mass10,12-15.

In men with T2DM and adult onset TD, testosterone therapy (TRT) can improve sexual health and increase lean mass and, reduce body fat, fasting glycaemia, insulin resistance and all-cause mortality though importantly, not all men demonstrate beneficial effects15,16-22. Understanding the role of SHBG in this process is complicated by the finding that in adults, serum SHBG levels increase with age and demonstrate marked inter- and intra-individual variation23. Thus, in 857 men with T2DM, we found concentrations between 7.9-185.5 nmol/l6,7. A variety of factors mediate serum SHBG including some hormones, physical activity, body-mass-index, some drugs, diet and age and expression appears carefully regulated during periods of metabolic activity such as reproductive tract development.24,25 The variation in SHBG level raises issues regarding how a therapy that changes body testosterone content might influence the serum level and if so would this have clinical implications26-29. We are unaware of a formal study though the BLAST double-blind placebo-controlled intervention randomised controlled trial (RCT) in men with T2DM found after 30 weeks TRT, that SHBG levels decreased significantly in those with pre-treatment total testosterone< 8nmol/l.17 

The significance of a TRT-associated fall in SHBG is unclear though it could be related to data indicating the protein functions as more than a steroid hormone carrier17,24,30,31. Thus, SHBG is associated with a variety of clinical phenotypes independently of free testosterone3-7,31 though this may partly reflect recognised difficulties in the determination of this variable.2 Further, there are reports indicating that both SHBG and the SHBG-testosterone complex have metabolic effects2,25. It is possible therefore, that associations of SHBG with clinical phenotypes with or without adjustment for free testosterone, reflect functions of the protein other than as a carrier protein31. We believe that these findings, together with difficulties in quantifying free testosterone warrent further investigation into associations between SHBG and clinical phenotypes.2

[bookmark: _Hlk23744515]We now describe further analysis of BLAST RCT data to determine the extent of change in SHBG levels (∆SHBG) after TRT. We hypothesised firstly, that the levels of SHBG found in men with adult onset TD would show significant inter-individual variability in the degree of change following TRT,  and secondly, that the wide range of SHBG levels prior to TRT and expected variation in the extent of change during therapy would demonstrate aspects of patient heterogeneity and possibly help identify subgroups that respond differently to therapy.26 Accordingly, we first determined if TRT was associated with change in SHBG over the 30 week study and if baseline SHBG and age were associated with ∆SHBG. We used these data to identify subgroups based on combinations of median values of baseline SHBG and age and, determine if TRT differently affected change in relevant variables such as waist circumference, HbA1c and blood pressure in the putative subgroups.




Materials and Methods
[bookmark: _Hlk25226706]The BLAST RCT describes a 30 week randomised double-blind placebo-controlled multicentre study carried out between September 2008-June 2012 to assess the impact of TRT on men with T2DM16. The study duration adhered to guidelines recommending TRT trial periods of 3–6 months in men with TD. The study was conducted in accordance with the revised guidelines of the World Medical Association Declaration of Helsinki (https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/ - accessed on 10/12/2019). The study (EudraCT 2008-000931-16) was approved by the Multicentre Research Ethics Committee (reference: 08/H1208/30).
Change in glycaemic control (HbA1c) was the primary efficacy end-point and secondary end points included changes in International Index of Erectile Function (IIEF) scores.16 The target sample size of 100 men in the TRT and placebo arms had an 80% probability of demonstrating a statistically significant treatment difference in the event of an HbA1c change of 0.4%. This calculation used a standard deviation of 1%, a significance level of 5% (two-sided) and analysis of covariance with baseline HbA1c as covariate. HbA1c change of 0.4% was accepted as significant and an SD (baseline corrected) of 1% was derived from previous trials. Physicians were asked, if possible, to avoid therapy changes during the study. Any patient requiring anti-coagulation was to be withdrawn. Adverse events were identified at each visit using a non-leading question. 

Inclusion criteria included men aged 18–80 years with symptoms of TD defined by the Aging Male Symptom Scale (AMSS) together with an initial TT ≤12.0nmol/l or calculated Free Testosterone (cFT) ≤ 0.25nmo/l according to the then European Association of Urology guidelines (https://uroweb.org/wp-content/uploads/18-Male-Hypogonadism_LR.pdf - accessed 0n 10/12/2019). Exclusion criteria included men considered too frail, previous TRT, abnormal digital rectal examination, PSA >4μg/L, haematocrit >0.50, history of prostate cancer or other serious co-morbidities. Thyroid function was not checked at screening. From the primary care T2DM register of 857 men, 550 men with an 8–11 am total testosterone level ≤12.0nmol/l or calculated free testosterone≤ 0.25nmo/l were pre-screened; eligibility was evaluated using the above criteria (including 2, total and calculated free testosterone levels taken at least 6 weeks apart). Of the eligible 211 men at visit 1, 11 were excluded (raised PSA: 10, atrial fibrillation: 1) and recruitment was closed when the target of 200 men was reached (Figure 1). Subsequently 1 patient withdrew and the remaining199 men were randomised to TRT using testosterone undecanoate (TU) (92 men) or Placebo (107 men) at 0 weeks (visit 2) with further TU administration at 6 (visit 3), 18 (visit 4) and 30 weeks (visit 5). Exercise and dietary advice using standard NHS diabetes literature was given at visit 1. Of the 199 men commencing the study, 189 men (TRT: 86, Placebo: 103) completed the 30 weeks (reasons for non-completion and adverse events shown in Figure 1).

Randomisation and treatment.
Subjects were randomised to TU 1000 mg (TRT) or Placebo into the right or left upper outer gluteal region. TU (trade name: Nebido) and Placebo were prepared by the manufacturing company Bayer (Pharma AG, Berlin, Germany) and randomised. Identification of trial medication was via numbered sealed packages with each man assigned to the next lowest package. The code breaks were retained by study statisticians until the last man was recruited and codes were broken after the final procedure and data bases were locked. The dose interval was in accordance with manufacturer’s recommendations (Figure 1). The Placebo was an analogue of the same appearance minus active substance containing the vehicle castor oil and benzyl benzoate. 
Laboratory Testing.
Morning (8-11 AM) fasting blood samples were taken at visits, -2 (visit 1), 6 (visit 3), 18 (visit 4), and 30 (visit 5) weeks for measurement of HbA1c, lipids and serum total testosterone and SHBG. these were carried out at the University Hospitals Birmingham Foundation NHS Trust. Total testosterone was measured using a Roche Common Platform Immunoassay (validated against mass spectrometry), SHBG and lipid levels using a Roche Modular automated analyzer (Roche Diagnostics, Burgess Hill, UK). Free testosterone was calculated using an online calculator.27 

Statistical Analysis.
Comparison of baseline characteristics between placebo and TRT groups were checked using non-parametric rank sum tests. Associations between baseline SHBG (dependent variable) and predictors (independent variables) were determined in separate linear regression models. Changes in within-group parameters during the 30 week trial was analysed using non-parametric sign rank tests. We established factors (dependent variables) associated with ∆SHBG (independent variable) in linear and multiple regression models. The effect of TRT (reference: placebo) on ∆SHBG (dependent variable) was determined in the total and stratified (by median values) cohorts using multiple regression analyses. These analyses formed the basis of subgroup identification. Finally the association between TRT (independent variable) and change in metabolic and sexual function parameters (dependent variable) in subgroups was determined using multiple regression models (in the case of IIEF-EF scores additional non-parametric rank sum tests were carried out as the scores were ordinal, restricted and not continuous though with a wide distribution). 

Results
Comparison of baseline characteristics in placebo and TRT groups 
We assessed the effectiveness of randomisation by comparing in the189 men allocated to placebo or TRT, baseline values of characteristics relevant in assessing patients with T2DM and hypogonadism. At baseline, values of the variables including age, total testosterone and SHBG in the two groups were not significantly different (non-parametric test rank sum used) (Table 1).
Associations between baseline SHBG and variables. 
To determine if baseline SHBG was associated with the variables in Table 1, we used individual regression analysis models to identify positive, significant associations between baseline SHBG and total testosterone (coefficient (c)=2.16, 95% CI: 1.65, 2.66, p<0.001) and age (c=0.65, 95% CI: 0.47,0.83, p<0.001) and inverse associations with waist circumference (c=-0.23, 95% CI: -0.39, -0.075, p=0.004), weight (c= -0.25, 95% CI: -0.35, -0.14, p<0.001), body mass index (c= -0.70, 95% CI: -1.06, -0.33, p<0.001), HbA1c (c=-3.00, 95% CI: -4.62, -1.37, p<0.001), total cholesterol (c= -2.45, 95% CI: -4.70, -0.21, p=0.032), triglyceride (c = -3.28, 95% CI: -4.92, -1.63, p<0.001) and diastolic (not systolic) blood pressure (c= -0.32, 95% CI: -0.54, -0.11, p=0.003). SHBG was not significantly associated with IIEF score (-0.094, 95% CI: -0.30, 0.11, p = 0.37). Inclusion of calculated free testosterone as a confounding variable did not alter any of the associations of baseline SHBG with the clinical variables studied (data not shown). 
Comparison of values in the placebo and TRT-treated groups after 30 weeks
[bookmark: _Hlk20826602][bookmark: _Hlk20826515]As expected, after 30 weeks TRT, trough levels of total testosterone were significantly greater in treated men (median: +1.50, IQR: -1.35/3.85, p (sign rank)= 0.0007) than in those given placebo (median: +0.75, IQR: -1.40/1.95, p (sign rank)=0.13). SHBG changed (ΔSHBG: visit 5 – baseline SHBG values) non significantly after 30 weeks in the total (median: -1.0, IQR: -4.40/3.20, p (sign rank)=0.071), placebo (median: -0.70, IQR: -4.10/1.95, p (sign rank)=0.46) and TRT (median: -1.2, IQR: -4.60/2.05, p (sign rank) =0.058) groups though in the total and TRT groups, the change approached significance. In the TRT group, significant reductions were found in waist circumference (-3.0cm, IQR: -5.30/0.0, p<0.0001), weight (median: -1.0kg, IQR: -2.75/0.55, p=0.0014), body mass index (median: -0.3, IQR: -0.90/0.25, p=0.0032) and total cholesterol (-0.2, IQR: -0.60/0.10, p=0.0036). In the placebo group, only HbA1c changed, demonstrating a significant increase after 30 weeks (median: +0.10, IQR: -0.20/0.50, p=0.032).
Examining the data for subgroups using baseline SHBG and age 
Table 2 shows baseline SHBG level was significantly associated with ∆SHBG (dependent variable) in the total cohort and TRT-treated men (model 1: c= -0.32 (95% CI: -0.44,-0.20), p<0.001) but not placebo group suggesting the association in the total cohort was driven by TRT. Model 2 shows that age was also significantly associated with ∆SHBG in the placebo and TRT groups though the association differed; in the placebo group the coefficient (c) was positive while in men treated with TRT an inverse association was observed. Model 3 includes baseline SHBG and age as independent variables and shows baseline SHBG but not age, was significantly associated with ∆SHBG in TRT group. In the placebo group, the association with age was significant while that with SHBG only approached significance (Table 2). None of the other variables including total testosterone, weight, waist circumference, HbA1c, blood pressure and lipids were significantly associated with ∆SHBG when included individually in model 3 (data not shown). 
	
[bookmark: _Hlk24453017]The association between baseline SHBG and ∆SHBG in TRT treated men (model 1, Table 2) demonstrates a negative coefficient indicating an inverse association; thus, the value of ∆SHBG (either positive or negative) is higher the lower the value of baseline SHBG (Figure 2). Importantly, the coefficient does not show whether ∆SHBG is positive or negative, this is shown by whether the line intercepts the y axis (∆SHBG) at ≤0 or >0. Accordingly, Figure 2 shows for each individual subject given TRT or placebo, baseline SHBG plotted against ∆SHBG. It shows firstly, an inverse relationship between the two variables in the TRT group with scatter and secondly, indicates that men with lower levels of baseline SHBG values are likely to have higher SHBG values at the end of TRT while the converse is true in men with baseline values greater than 24.7nmol/l (calculated using the regression shown in Figure 2). Figure 3 shows the corresponding relationship between age and ∆SHBG in the placebo and TRT groups. The placebo group demonstrated a positive coefficient while in the TRT group it was negative.

[bookmark: _Hlk23666117]We also examined the possibility that baseline testosterone level might mediate the association of SHBG with ∆SHBG (dependent variable) by dichotomising the men given TRT into those with baseline concentrations <8nmol/l or 8-12nmol/l. In a multiple regression model comprising baseline SHBG and age, we found that while baseline SHBG was significantly associated with ∆SHBG, no associations were observed for testosterone in men stratified by testosterone levels<8nmol/l (c=0.18, 95% CI -0.97,1.32, p=0.75) or 8-12nmol/l (c=0.25, 95% CI -0.72,1.23, p=0.60).

Effects of TRT on ∆SHBG after 30 weeks 
The data in Table 2 and Figures 2 and 3 show firstly, that both baseline SHBG and age mediate the effect of TRT (compared to placebo) on ∆SHBG and secondly, suggest these factors could be used to identify subgroups. Accordingly, we studied the association between TRT (compared to placebo) and ∆SHBG in patients stratified by median baseline SHBG (28.1nmol/l) and age (63 years).  To determine whether stratification by baseline SHBG identified subgroups with varying outcomes, we used multiple regression to show that relative to the placebo group, TRT had different effects on ∆SHBG depending on whether baseline values were ≤ or >28.1nmol/l. Thus, in men with baseline values ≤28.1nmol/l, TRT was associated with a significant positive coefficient for ∆SHBG while in those with baseline values>median value, the association was significant but inverse (Table 3). 
Table 3 also shows that while TRT was significantly associated with ∆SHBG in men aged ≤63 and >63 years, the association demonstrated a positive coefficient in younger and a negative coefficient in older men.
[bookmark: _Hlk22914403]Table 4 shows the results of regression analyses in which men were stratified into subgroups 1-4 using median values of both age and SHBG and the association between ∆SHBG (dependent variable) and TRT determined. Each model was adjusted for the age and the baseline SHBG values within that subgroup. In the 58 men with SHBG≤28.1 nmol/l and age≤63 years (subgroup 1), TRT was positively associated with ∆SHBG (c = 4.67, 95%CI 1.17, 8.16, p=0.010) while in those with SHBG > 28.1 nmol/l and age >63.1 years (subgroup 4) the association was inverse (c = -7.07, 95%CI -11.64, -2.49, p=0.003). No significant associations were observed in the other two categories; SHBG ≤28.1 nmol/l, age>63.1 years (subgroup 2) and SHBG >28.1 nmol/l, age<63.1 years (subgroup 3). Subgroups 2 and 3 comprised fewer men because of the positive association between SHBG and age. 


Combinations of baseline SHBG and age and their association with change in variables after 30 weeks TRT. 
[bookmark: _Hlk19025023][bookmark: _Hlk24464253]The finding that the association of TRT with ΔSHBG was different in men stratified by baseline SHBG and age suggested these two variables may help identify subgroups of men who demonstrate different responses in characteristics associated with TD and T2DM after 30 weeks TRT. Table 5 shows the association between TRT and change in variables (dependent variable: ∆ variable) associated with hypogonadism and T2DM in men with the combination of SHBG<28.1nmol/l and age<63years (subgroup 1) or, SHBG >28.1nmol/l and age >63years (subgroup 4). We found that ∆waist circumference in men with SHBG≤28.1 nmol/l/age≤63 years and those with SHBG>28.1 nmol/l/age>63 years differed; in subgroup 1 the association between TRT and ∆waist circumference did not achieve significance while in subgroup 4 the therapy was significantly, inversely associated with ∆waist circumference. Similarly, only in the latter group was the association of TRT with ∆HbA1c inversely significant. Of the other ∆variables studied only the association between TRT and ∆IIEF score was significant in the men with SHBG>28.1 nmol/l/age>63 years..


Discussion
[bookmark: _Hlk23666647]TRT can improve symptoms in men with T2DM and adult onset TD though subgroups may respond differently.17-19,28, Thus, Hackett et al showed that while 30 weeks TRT was associated with improvement in different domains of sexual function in men with total testosterone≤8 nmol/l, only sexual desire improved signiﬁcantly in those with testosterone 8-12nmol/l.18 Further, in men given TRT only those with testosterone ≤8nmol/l showed a significant reduction in SHBG.14 Accumulating data shows that total and calculated free testosterone, age and SHBG are associated with clinical phenotype.29 However, our hypothesis that TRT would be associated with a change in SHBG was correct with the direction of change influenced by baseline SHBG and age; Figures 2 and 3 show that an increase in SHBG was associated with lower baseline levels and younger age. The putative importance of SHBG level is suggested by our finding that associations between age, waist circumference, body mass index, HbA1c, lipids, diastolic blood pressure and SHBG were not altered by inclusion of calculated free testosterone in regression models. The importance of SHBG is further indicated by examining the men stratified into four groups by combinations of high or low values of total and free testosterone; the two groups with the highest values of SHBG demonstrated the worse sexual, physical and psychological function scores.29 Accordingly, we speculated that SHBG and age might modify the effect of therapy on clinical phenotype thereby allowing subgroups to be identified.26 

Age was considered an essential variable as it is linked many factors that define T2DM and TD. For example, Hackett et al found the greatest benefit of TRT in terms of reduction in all-cause mortality was in older men.20 SHBG is associated independently of total testosterone, with markers of androgen deficiency, T2DM risk and insulin resistance suggesting the use of change in waist circumference, HbA1c and IIEF EF scores after TRT as outcomes.3,30,31 
[bookmark: _Hlk24460538]
We initially focused on factors identified with ∆SHBG. Baseline SHBG was associated with ∆SHBG in men given TRT, but not placebo. Age at study onset was associated with ∆SHBG in both men on TRT and placebo though the direction of the regression coefficient differed. Stratification of the cohort by baseline SHBG and age was used when studying the association between outcomes (∆SHBG and clinical parameters) and TRT. In men with baseline SHBG≤28.1 nmol/l or age≤63 years, TRT compared to placebo was associated with a significant positive coefficient while in those with baseline SHBG>28.1 nmol/l or age>63 years, the therapy was associated with a significant negative coefficient in SHBG after 30 weeks. These associations were clearly evident in men with combinations of both SHBG and age below the median compared with men with values of the two variables above the median value.

[bookmark: _GoBack]The finding that the association of TRT with ΔSHBG was different in men stratified by baseline SHBG and age prompted us to examine corresponding associations between change in variables associated with baseline SHBG over 30 weeks TRT in men stratified by median values of baseline SHBG and age. For waist circumference, the association between TRT and Δwaist circumference differed in men with SHBG≤28.1 nmol/l and age≤63 years and those with SHBG>28.1 nmol/l and age>63 years; in the younger men with lower SHBG levels the association between TRT and waist circumference change did not achieve significance while in the other group the therapy was significantly and negatively associated with waist circumference. Similarly, only in the latter group of men was the association of TRT with HbA1c change inversely significant. Of the other variables studied only the association between TRT and IIEF score was significant in the men with SHBG>28.1 nmol/l and age>63 years. A fuller assessment of the influence of age on the impact of TRT on variables including waist circumference, HbA1c and IIEF score using a randomised control approach would be useful.

Our study has strengths and weaknesses. A main strength is the use of data from an RCT with continuity of treatment over 30 weeks and a dedicated nurse to administer testosterone ensuring compliance. A weakness is the relatively small number of patients available for study and an Ethics committee-imposed study time of 30 weeks. A larger study with a longer treatment period is needed as Hackett et al20 showed variables such as erectile function scores continue to improve with longer term TRT. A further issue is the mechanism(s) for the results described. Thus, why the extent of change in SHBG during TRT is related to baseline values is not known and the finding that change in both waist circumference and HbA1c after TRT is associated with a decrease in SHBG is not expected as increasing insulin resistance is associated with lower levels of the protein.30 Further, as TRT effects an increase in the body content of testosterone it might be expected that levels of free hormone would also increase resulting in increased levels of SHBG rather than a fall if a feedback mechanism dependent on total or free testosterone lowered SHBG in men with adult onset TD prior to TRT. Nonetheless, stratifying patients using baseline SHBG and age appears to have identified subgroups of men who demonstrate different responses to TRT even after only 30 weeks of treatment. For example, TRT was associated in subgroup 4 but not subgroup 1, with significant inverse correlation with Δwaist circumference and ΔHbA1c and positive association with ΔIIEF-EF score. 

While it is unclear whether these results reflect the functional role of SHBG or an unrecognised association with other variables they complement data showing TRT-related improvement in IIEF-EF was associated with baseline testosterone levels ≤8nmol/l.17 Thus, while we acknowledge that patient numbers are small, we further stratified subgroup 4 using baseline testosterone levels (Table 5 footnote); ΔIIEF-EF score improved with TRT in both groups (total testosterone ≤8nmol/l, n=19: c=7.66, 95% CI: 1.06, 14.27, p=0.025, total testosterone >8nmol/l, n=34: c=4.69, 95% CI: 0-014, 9.38, p=0.049). However, as suggested by previous results (Hackett 2016) ΔIIEF-EF score improvement following TRT was greater in men with testosterone ≤8nmol/l (mean ΔIIEF-EF: TRT: 5.2, Placebo: -2.5) than in men with total testosterone >8nmol/l (mean ΔIIEF-EF: TRT: -0.6, Placebo: -5.3). Thus, while men with total testosterone ≤8nmol/l should continue to be considered for TRT, treatment should perhaps be extended to older men with total testosterone >8nmol/l and high SHBG (subgroup 4) if our findings are validated.  

Our results appear to reflect change over time in both TRT and placebo groups. For example, there was an unexpected age-related change of SHBG in men on placebo (though both groups received instruction in diet and lifestyle at baseline). The change in the placebo group appeared age related and different to that in the TRT group. While the placebo group is not a conventional, stable control group, initial randomisation was effective and change in SHBG may reflect progression of adult onset TD. Further,  differences between groups appear to result from small changes in both; variables in the placebo group worsened while in the TRT group they improved. If so it may be possible to direct treatment at appropriate patients. Our finding that the benefits of TRT in terms of waist circumference, HbA1c and erectile function are most evident in older men with higher levels of SHBG suggests it would be worthwhile to investigate the associations between various variables and TRT outcomes in a larger and longer study to determine if clinical outcomes continue to diverge with TRT in subgroups. This approach should facilitate continuing evolution of clinical management guidelines for adult onset TD.

Accumulating data suggest the importance of SHBG in the development of various phenotypes found in adult onset TD3-7,24, 25,30,31. The associations described may reflect the protein’s role in mediating the free testosterone level (and other steroids) as well as the impact of other compounds that alter serum SHBG.2 Any consideration of the clinical usefulness of SHBG level requires further study. For example, Corviello et al showed subjects with an SHBG genotype comprising three risk rs12150660 and rs6258 alleles were at higher risk of low serum testosterone than those with no risk allele.32 The impact of these (and other) polymorphisms will depend in part, on allele frequency and while rs12150660 G and T alleles are reasonably common, rs6258 T allele is uncommon. A further factor is that development of adult onset TD symptoms may be more complicated in terms of hormonal responsibility. For example, serum oestradiol levels also fall during male aging and while risk of various pathologies is often attributed to low testosterone, low oestradiol or an altered testosterone/oestradiol ratio may be relevant as both hormones are bound by SHBG.  Thus, Finkelstein et al found the testosterone dose required to effect changes in different tissues varied in men after suppression of testosterone and oestrogen synthesis and, the influence of testosterone and oestradiol differed though both were associated with libido and erectile function.33 

The finding that total testosterone is associated with mortality raises issues regarding how the components of its often labile carrier system mediate the clinical phenotypes and outcomes seen in adult onset TD. SHBG and total testosterone are independent risk variables that mediate age-related mortality and while data on calculated free testosterone are supportive of these findings there have been criticisms of various algorithms used to produce such values. Clearly, it would be very useful to have a precise and accurate assay that allowed measurement of free testosterone.2,34
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Table 1 Baseline characteristics of the total cohort and after randomisation into Placebo and TTh TRT arms.
 [image: ]
TT: total testosterone, cFT: calculated free testosterone, BMI: body mass index, WC: waist circumference, TC: total cholesterol, TG: triglycerides, HDL-C: high density lipoprotein – cholesterol, BP: blood pressure.
 

Table 2: Association between baseline age and SHBG as continuous variables and ∆SHBG in the total cohort and TTh TRT groups 
[image: ]

Model 1: SHBG alone. Model 2: Age alone. Model 3: SHBG and Age together in the same regression model.


Table 3. The association between 30 weeks TTh TRT and ∆SHBG in the total cohort and men stratified by baseline median SHBG and age. 
 [image: ] 


Table 4: The association between 30 weeks TTh TRT and ∆SHBG in the total cohort and men grouped by baseline median SHBG and age.
 [image: ] 


Table 5: Association between change in selected variables in and TTh TRT (reference: placebo) in men in groups 1 and 4.
 [image: ]
As IIEF-EF scores are not continuous variables the associations between ∆IIEF-EF and TRT (reference: placebo) were checked via non-parametric ranksum tests (Subgroup 1: p = 0.56, Subgroup 4: p=0.014).
Subgroup 4 was further stratified by baseline total testosterone levels in view of previous findings (Hackett 2016) and the effects of TRT (vs Placebo) studied via regression analyses.
	total testosterone ≤8nmol/l: c=7.66, 95% CI: 1.06, 14.27, p=0.025, Mean ΔIIEF-EF: TRT: 5.2 (n=10), Placebo: -2.5 (n=9)
	total testosterone >8nmol/l: c=4.69, 95% CI: 0-014, 9.38, p=0.049, Mean ΔIIEF-EF: TRT: -0.6 (n=18), Placebo: -5.3 (n=16)
Figure 1: Details of recruitment and protocol of the BLAST RCT
[image: ]

TT: total testosterone
PSA: prostate specific antigen

Figure 2: The change in SHBG levels after 30 weeks of TRT and placebo is plotted against baseline SHBG for each individual man with a trend lines superimposed.
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Figure 3: The change in SHBG levels after 30 weeks of TRT and placebo is plotted against baseline age for each individual man with a trend lines superimposed.
 [image: ]
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